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I, the undersigned, being an officer duly authorised in accordance with Section 74(1) and (4) 
of the Deregulation & Contracting Out Act 1994, to sign and issue certificates on behalf of the 
Comptroller-General, hereby certify that annexed hereto is a true copy of the documents as 
originally filed in connection with the patent application identified therein. 



In accordance with the Patents (Companies Re-registration) Rules 1982, if a company named 
in this certificate and any accompanying documents has re-registered under the Companies Act 
1980 with the same name as that with which it was registered immediately before re- 
registration save for the substitution as, or inclusion as, the last part of the name of the words 
"public limited company" pr their equivalents in Welsh, references to the name of the company 
in this certificate and any accompanying documents shall be treated as references to the name 
with which it is so re-registered. 

In accordance with the rules, the words "public limited company" may be replaced by p. I.e., 
pic, P L C. or PLC. 

-registration under the Companies Act does not constitute a new legal entity but merely 
jects the company to certain additional company law rules. 
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using CAPITAL letters. A prescribed 
fee Is payable for a request for grant 
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conX9Ct the Patent Office (telephone 
071-438 4700). 
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completion and filing of this form. 
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1 Title of invention 

1 Please give the title of 
the invention 



IMPROVEMENTS IN AND REIiATING 
TO MONITORING AND ANALYSIS 



2 Applicant's details 
□ First or only applicant 

2a If you are applying as a corporate body please give; 
Corporate name 

BRITISH NUCLEAR FUELS PLC 

Country (and State of incorporatior%, if appropriate) 
UNITED KINGDOM 



2b If YOU are applying as an individual or one of a partnership please give in full: 



Surname 
Forenames 



2c In all cases^ please give the toMov*/ing details: 

Address 
RISLEY 
WARRINGTON 
CHESHIRE 



UK postcode WA3 6AS 
(if applicable! 

Country UNITED KINGDOM 

ADP number "J T 

(if known! J) 
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if there are further applicant s 
please provide details on a separate 
sheet of paper. 
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An address for service in the United 
Kingdom must be supplied. 

Please mark correct box 



3b: 

If you have appointed an agent, 
all correspondence concerning 
your application will be sent to 
the agent *s United Kingdom 
address. 



□ Second dpplicant iii anyl 

2d If you are applying as a corporate body please give: 
Corporate name 



Country (and State of incorporation, if appropriate) 




2e If you are appiying as an individual or one of a partnership please give in full: 
Surname 
Forenames 



2f In all cases, please give the fotlovving details: 
Address 



UK postcode 
(if applicable! 

Country 

ADP number 
(if knov\/n) 



3 Addiress for service details 

3a Have you appointed an agent to deal with your application? 
Yes {x] No Q O goto 3b 

Agent's name 

URQUHART-DYKES & LORD 
Agent's address 

TOWER HOUSE 

MERRION WAY 

LEEDS 



Postcode 



LS2 8PA 



Agent's ADP 1644004 
number 



3b If you have not appointed an agent please give a name and address in the United 
Kingdom to which alt correspondence will be sent: 

Name 
Address 



G 



Postcode Daytime telephone 

ADP number number (if available) 

(if known) 
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Pfease mark correct box 



4 Reference number 

4 Agent's or applicant's 
reference nuiTiber 
(if app/tcab/e) 



ANP/P10799 



5 Claiming an earlier application date 

5 Are vcu claimino that this application be treated as having been filed on the date 
of filing of an earlier application? 

Yes □ Uo\x]^ g«toe 

Q number of earlier 
application or patent 
number 



□ filing date 



idey month year) 



PieBse mark correct bOJ( 



if you are deciating priority from a 
PCT Apptication please enter 'PCT* 
as the country antS enter the country 
code (for example, GBI as part of the 
appiicatfon number. 

Please give the date in all numtter 
format, for example, 31/05/90 for 31 
May 1990. 



Q and the Section of the Patents Act 1977 under which you are daiminQ: 
1 5{4.) (Divisional) □ 8(3) QJ 1 2(6) □ 37(41 □ 



6 Declaration of priority 

6 If YOU are declaring priority from previous application(s), please give: 



Country of filing 



Priority application number 
(if knov\rn} 



Filing date 
(day,month,year) 
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The an$\A/er must be 'No ' if: 
-any applicant is not an inventor 
' there is an inventor s/vho is not 

en applicant, or 
-any applicant is a corporate 

body, 

8 

P/e&se supply duplicates of 
claimts}s abstract, description 
and drav^ingish 



THE PATENT OFFICE 
A 

22 NIAY 1937 

RECEIVED BY FAX 



Please mark correct bOMfesJ 



9 

You or your appointed agent 
(see Rule 90 of the Patents 
Rules 19901 must sign this 
request. 



Please sign here 



A completed fee sheet should 
preferably accompany the fee. 



7 Inventorship 

7 Are you (the applicant or applicants) the sole inventor or the joint inventors? 



f^ease merk tha corroct box 



□ j 1 A statement of Inventorship on Patents Form 

No [XJ R/ 7/77 Kfwfif need to be fUod (see Rule 15). 




8 Checklist 

8a Please fill in the number of sheets for each of the following types of 
document contained in this application. 



Continuation sheets for this Patents Form 1 177 

Description 
Drawing(s) 



Claim(s) 
Abstract 



8b Which of the following documents also accompanies the application? 



Priority documents fpf ease St^t^ how manyj 

Translationls) of Priority documents (piees^ siato how manyi 
Patents Form 7/77 - Statement of Inventorship and Right 

to Grant fp/aase state how mony} 

Patents Form 9/77 - Preliminary Examination/Search 
Patents Form 1 0/77 - Request for Substantive Examination 



□ 



□ 



9 Request 

l/We request the grant of a patent on the basis of this application. 

Signed Date ,35^ / S ( 

(day month ye&rl 



Please return the completed form, attachments and duplicates where 
requested, together with the prascribed fee to: 



Q The Comptroller 
The Patent Office 
Cardiff Road 
NEWPORT 
Gwenz 
NPB 1RH 



The Comptroller 

The Patent Office 

25 Southampton Buildings 

London 

WC2A 1AY 
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IMPROVEMENTS IN AND RELATING 
TO MONITORING AND ANALYSIS 

This invention concerns improvements in and relating to 
monitoring and analysis, particularly, but not exclusively, of 
items containing or contaminated by neutron radiation sources. 

The accurate determination of the extent and location of 
neutron sources present in equipment is important for a variety 
of reasons. Within the nuclear power and reprocessing industry 
for instance it is important to have as much information as 
possible about equipment that is being decommissioned. Strict 
safety standards are applied to the decommissioning and 
subsequent disposal of equipment which has come into contact 
with neutron sources during its life. In particular it is 
important to ensure that any given volume of waste 
incorporating a part of the decommissioned equipment does not 
contain neutron sources above a certain level so as to provide 
the necessary criticality safety factor, 

conventional techniques such as the "Versatile Passive 
Neutron Monitor, model N93" from Harwell instruments use a 
number of individual neutron detectors which are positioned as 
far as possible around the piece of equipment to be 
decommissioned. Significant problems can occur where access 
around the whole of the area to be monitored is not available, 
due to adjacent units or ventilation systems over the unit for 
instance . 

The ^He neutron detectors provide an output signal which 
is summed and analysed using the technique of Neutron 
Coincidence Counting, NCC . The NCC result is used to give an 
indication of the rate of spontaneous fission's occurring 
within the equipment by means of a neutron detection efficiency 
factor,- The rate is normally largely attributable to ^*^u 
fission's. 

The neutron detection efficiency factor must itself be 
determined by providing a Known source, normally ^^Cf, in the 
target equipment for the analysis. The increase in response 
from the detectors is analysed. In certain cases the test 
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source cannot be provided in the equipment itself and as such 
a dummy test must be done with the detectors provided in an 
identical spacial configuration to that used around the 
equipment but without the equipment present. 

In either- event the actual source location within the 
equipment is a very significant factor. As no information is 
available on this the test must be performed on a worst case 
basis ^ (the actual location with the worst detection 
efficiency) * In order to meet the safety standards, however, 
this can lead to a gross over estimate in the amount of neutron 
source in the particular sample- over estimates by several 
hundred percent frequently occur. Any over estimate increases 
the volume into which the equipment must be dispersed for 
disposal and as a consequence increases the cost very 
significantly , 

As well as the overall level for neutron source within a 
waste sample there is also an increasing need to know where 
within that volume the source is provided. Such information is 
not available from the technique of NCC at all. 

According to a first aspect of the present invention we 
provide a method of monitoring a neutron source comprisings- 

i) providing a plurality of neutron detectors at known 
positions relative to one another; 

ii) monitoring the neutron detection rates for the 
detectors caused by the unknown source (s); 

iii) proposing a model source location (s) relative to the 
detectors and an activity level for the model source (s); 

iv) predicting neutron detection rates for the model 
source (s) ; 

v) comparing the predicted and actual detection rates; 

vi) adjusting the model source location (s) and/or 
activity (s) to reduce the difference between the predicted and 
actual detection rates. 

The reduced and preferably minimised, difference between 
the predicted and actual detection rates leads to a model 
source location (s) and activity (s) which represents an accurate 
equivalent to the unknown- The location information and/ or 
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activity information may be conveyed to the operator of the 
method . 

The neutron source may comprise one or more elements or 
compounds and/or one or more isotopes of an element in 
elemental and/or compound form and/or mixtures thereof. The 
neutron source maybe naturally occurring and/or the product of 
fission reactions. Plutonium and '^Pu, in particular, may 
comprise the neutron source which requires monitoring. 

The neutron source may be present together with other 
materials. Non-neutron source elements or compounds may be 
present and/or water, plastics, vitrified materials such as 
glass or other substances. 

The location of the neutron source maybe a piece of 
equipment, such as a glove box, ventilation unit or the like; 
a piece of a component, such as a section of a glove box; a 
component of a piece of equipment, such as a filter or length 
of pipework; or a container, such as a drum, box or other 
package type. The container maybe sealed. The location maybe 
an amount of waste material, such as material destined for 
disposal. 

The neutron detectors may be of the ^e type. The 
detectors maybe provided with one or more of polyethylene, 
boron or cadmium. The detectors maybe provided with an 
elongate active area. A length of between 0.25 and 1.5m maybe 
used, with a length of between 0.4 and 0.6m preferred. A 
diameter of between 0.01 and 0.08m maybe used. 

The neutron detectors may be provided along a side of the 
volume or item to be monitored. More preferably the detectors 
are provided along at least two sides of the volume, 
preferably detectors are provided along all six sides of the 
volume; that is all four "vertical sides", the top and bottom. 

Preferably a plurality of the detectors are horizontally 
and vertically separated from one another. 

Alternatively or additionally where the detector is 
elongate one or more of the detectors may be inclined at an 
angle to one or more of the others. Preferably an angle of 
substantially 9 0 degrees is employed. 
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Alternatively or additionally two oz- more detectors may 
be paired together with two or more other detectors, one 
detector in first set being treated in combination with the 
correspondingly positioned detector in the other set, with 
which it is paired, as a single detector. Most preferably all 
the detectors in a given set are paired with correspondingly 
positioned detectors in the other set or sets to give a series 
of such single detectors, 

Preferably the detectors are portable. Preferably the 
positions of detectors relative to one another can be varied. 
In this way configuration for various volume sizes to be 
monitored can readily be provided- 

The relative positions of the detectors to one another 
and/or relative to the source may be considered in 2 dimension 
(for instance where contamination of a flat surface is 
considered) but most preferably is considered in 3 dimensions. 

The relative positions may be expressed in terms of an x, 
y co-ordinate system or in terms of a distance and angle system 
for 2 dimensions. For 3 dimensions the relative positions may 
be defined in terms of an x, y, z co-ordinate system or in 
terms of a distance and 2 angle system. 

The coordinate system or angle system may be defined 
about a fixed point corresponding to one of the detectors or to 
a fixed point on the item to be monitored such as a corner- 
For the co-ordinate system one or more of the axis may be 
defined to correspond to one or more of the edges of the item 
to be monitored. For the angle system one or more of the edges 
of the item to be monitored may form the axis relative to which 
the angle or angles are determined. 

Predetermined co-ordinate axis and/or fixed point (s) 
details may be pre-set for a given type of article - 
Predetennined detector locations on the article may be set for 
a given type of article. In this way stored calibration data 
could be applied each time an analysis is performed, on a given 
type of glove box for instance, as consistent locations are 
used , 
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The Signals from individual detectors are preferably fed 
to an amplifier and most preferably also to a discriminator. 

Preferably the signals are recorded and/or summed to 
provide a count rate for each of the detectors separately. The 
signal sequence and/or the signal count may be stored for 
latter processing. Preferably the results from one or more 
individual detectors are analysed to produce a coincidence 
count rate. Alternatively and/or additionally the results from 
one or more pairs and/or sets of detectors may be analysed to 
produce coincidence count rates. Alternatively and/or 

additionally the results from all the detectors may be analysed 
to produce coincidence count rates. 

Preferably the monitoring of the signals is performed for 
a period of 1 hour to 24 hours. This provides a sufficiently 
representative count rate in most cases for accurate analysis. 

in one embodiment one source location is selected for the 

first trial solution. 

A further source location may be introduced if the model 
to actual comparison is minimised, as far as possible, but the 
discrepancy between model and actual results, or a function 
thereof, is high in absolute terms. 

in an alternative embodiment a plurality of sources may 
be employed in the first trial solution. Preferably the number 
of sources is at least 3 and more preferably at least 4. 
Preferably at least two sources are provided at different 
locations. 

The number of sources may be reduced in further trial 
solutions if the model to actual comparison is minimised, and 
would not be increased beyond a certain tolerance if one of the 

sources were removed. 

Preferably the predicted detection rate for a detector is 
determined from stored calibration data. Preferably the 
calibration data is obtained by determining the actual count 
rates for a single detector with varying source locations 
and/or activities. The calibration data for a single detector 
may be applied in use to other detectors of that type. 
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^ ^K^ained for the detectors in 

The calibration data may be obtained for 

-.^ relative positions to one another of use. The 

The calibration data xnay be obtained w.tb the ^-^-^'^^^ 
positioned relative to the volume or iten» to be monitored xe 
llotl a glove box. or th.y ^ay be obtained with the detectors 
positioned relative to a du^my version of the volun.. or xte«. to 
riasured, .uch as a clean .love .ox or around an -uxvalent 
volume or free space. The calibration data ™ay be extrapolated 
number of calibration tests to provide a set of 




<iet^ction efficiency contour information. The calibration data 
^ay relate to 2 dimension or raore preferably 3 diraensxon 
variation in the calibration source location and actxvxty. 

The predicted count rates and actual count rates may be 
compared by suinming the difference between the two sets of 
^.alues. The summing of modulated such values is to be 
preferred. Ideally the sum of the squares of the differences 
is employed as the comparison between the actual and model 
count rates. A chi-squared comparison may be used, for 
instance = ^..^.^ i£red i . Ct^d - measured) . ^ 

( error )^ 

Preferably the comparison value is reduced and/ or 
xuinimised in seeking a solution. The count rates are 
preferably compared as neutron per second rates. 

Preferably a revised trial source location and/or 
activity is provided unless the comparison meets a certain 
desired limit; in the case of the summed squared differences a 
value below the desired limit may be employed. 

If the desired limit is not reached a further trial 
source location and/or activity is provided. In an alternative 
form the number of trial source locations may be reduced and/or 
the activity varied. A reduction in the discrepancy is sought 
as a result in either case; an iterative process maybe 
employed- 

Preferably the revised trial source location and/or 
activity is selected by determining a comparative function for 
the actual and model results, determining the effect of slight 
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variations in the inodel solution and adjusting the next model 
solution values according to the directional and/or magnitude 
effect suggested by the slight variation. Preferably the 
comparative process and slight variation effect is determined 
separately for each dimensional and activity variable- 
Preferably the individual variation effects are combined to 
give the variation between one model solution and the next. 

Preferably a chi-squared function is determined for the 
variation of each of the dimensional co-ordinates and for the 
activity. Preferably the gradient of the respective function 
at a small value one side of the model solution value is 
compared with the gradient a small variation in that value on 
the other side of the model solution value- Preferably a 
factor seeking to reduce that chi^ or gradient is obtained. 
Preferably the factors from the dimensional co-ordinates and 
activity are combined to produce a vector. Preferably the 
direction of the vector arises from the variations in the 
contributing values intended to reduce the chi^ or gradient. 
Preferably the magnitude of the vector arises from the 
variations in the contributing factors according to the 
steepness of the gradient. 

Preferably a model solution is compared with the previous 
model solution. If the model solution represents a poorer fit 
than the previous model solution, preferably a revised model 
solution is applied. Preferably the revised model solution 
comprises a solution intermediate in one or more values, most 
preferably all, to the model solution and the previous model 
solution, where a vector is applied in obtaining the model 
solution from the previous model solution preferably half that 
vector is applied as the revised model solution. If the 
revised model solution represents a poorer fit than the 
previous solution preferably a further revised model is 
applied. Preferably the further model solution comprises a 
solution intermediate in one or more values, preferably all, to 
the revised model solution and previous model solution. Where 
a vector is applied preferably the further revised solution 
represents a quarter of the vector between the model solution 
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... previous .o.el solution. Preferably ..is process i. | 
repeated until an i^provec. solution results ^^^^^^ ^ 

Repeated revisions /adDUStments to the tr 

^- -4- nreferablY made until the 

location and/or activity are preferaoj-y 

■4-Vi>-F>«=iyiold is reached- . . . , 

threshold ^^^^^ solution cannot b, »xn.».sed 

, ..n.».=e. h.».e ^^■z'r:^::^ 

the activity o. J° J^tt^:: threshold is net 

rrr r.e"u:rh:; r.u"Utio. .„a,or .ct.v„ 

crosses, a => ^ , T^^e or ©dieted and actual 

be introduced to the model solution- The preaic 
be intro system may be considered as described 

detection rates for this ^J^^^" J solutions 
above The variation of both sourest, w 

a^o^din. to the above general procedure may be -^^^^ 
^ne sources may be varied individually between model -l^^--^ 
A third or yet further sources may be introduced xf an 
acceptable solution is not reached, preferably in a similar 

"'""'"preferably the adjustment of the model source 
location/activity is stopped if the comparison meets a desired 

If the system is analysed using a multiple number of 
initial sourees preferably the comparison value ^^^^^^^ 
chi^ is minimised for the number of sources. Preferably the 
. ^ 1 i<; tested to determine whether a source can 

minimised solution is tested to p^^f^^ably the effect 

be removed without significant effect. Preferably 
is judged against a tolerable increase in the ^/^^ 
on removing a source. The test may be made for one - - 
all of the sources present. Preferably if a .nura^ J^-r. 
tolerably be removed it is and the analysis is — ^^^^^^^ 
minimising with the revised number of sources. Preferably this 
Tocess i! repeated until no sources can tolerably 
renewing removal of a source the other sources are allowed to 
vary in activity and/or position in seeXing a new 

once the adjustment of the trial source location and/or 
activity has been stopped a proposal for the actual source 
location and activity can be determined. The location may be 
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expressed in terms of a coordinate system and/or in terms of a 
distance and angle (s) from a fixed point. The location may be 
displayed to the operator on a display unit, monitor, print out 
and/or displayed on the unit itself, toy a light beam for 
instance, to allow visualisation of the sources location 
relative to the unit. This may allow the source location to be 
selectively removed and/or treated relative to the rest of the 
unit. 

The location and/or the activity may be used to determine 
the subsequent processing of the volume or item analysed. The 
result may determine whether the volume is classed as high, 
intermediate or low level waste or as to whether certain 
subunits of the volume should be so classed depending upon 
whether or not they contain a source location and the level of 
any source they contain.. The dismantling regime or the 
locations at which the volume is sub-divided for individual 
disposal may toe based on the results. 

According to a second aspect of the invention we provide 
apparatus for monitoring a neutrons source comprising:- 

i) a plurality of neutron detectors at known positions 
relative to one another; 

ii) processing means for monitoring the neutron 
detection rates for the detectors caused by an unknown 
source (s) ; 

iii) data storage means containing predicted neutron 
detection rates for the neutron detectors for varying source 
locations and source activity levels; and 

wherein the actual neutron detection rates are compared 
with the predicted neutron detection rates for a model source 
location and activity level; and wherein the model source 
locations and/or activity is adjusted to reduce the difference 
between the predicted and actual detection rates. 

In this way apparatus is provided which enables the 
unknown source location and activity to be accurately modelled. 
The activity and/or location information may be provided to the 
direct or indirect operator of the apparatus* 
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..e ..ee..=ea ex~e ---"J^^^ ^^^^^ 
application in relation to 
embodiirtents of the invention. 

..e neutron --;7:^:;Ve jUe o. polyethylene, 
aetecto.. -/^^;;rj:el^^^^^ ..V - P-vide. with an 

boron or oadtniutn. The d ^^^^^^^^ o,25 and l.Si. may be 

oionaate active area. A length of between u, 
elongate a\^*^* ^ used. 

A diameter of between 0.01 and O.OSro may pe ^ 
" r-u«o„. a..e=to« .ay .e proviaed .Ion, . s.ae of 

a«.=to.= ar. provided alon, at leas, two 

preferably detectors are provided along all six sidee of 

Freret*^ jr ^ ^ i c=4 des" the top and tne 

volume; that is all four -vertxcal B:Ldes , 

bottom. -J o rrp.T\erallv horizontal 

The detectors may be provided xn a generally 

and/or vertical alignment on the sides of the volume The 
and/or venti ^ „™rally longitudinal alignment 

detectors may be provided in a generally lo g ««„erallv 
on the top and/or bottom of the volume and/or generally 

perpendicular to that alignment. separate 
detectors maybe provided in pairs rn s p 




The 



detector units. . . 

detector positions are 
Alternative or additional ae-cecuui. 

^"''":::„rably the detector, are portable. The detectors »ay 

be mounted directly on the volume to be monitored "^^^ 

preferably a supporting fra„= vorK. preferably m a h™"-'^ °' 

sections, is provided. Preferably the support structure for 

IL dete;tors is portable. Preferably the fra.e »orK sections 

^^4-o>-™ined configuration. Preferably the 
fit together in a predetermmea coni-Lyu* 

^ ^^r-t-or units fit on the frame work in a 
detectors or detector unn-fa j-x^- 

^- ,^^*.s«T, preferable the processing means 
predetermined configuration. Preteraoxe f . , , ^t^e 

is portable. Xn this way the apparatus can be provided at the 

desired location of use easily. p^.ferably 
preferably a portion of one or more, ana mosv p 

c^Kioided bv a neutron absorbing 
all, of the detectors are shielded oy 
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and/or moderating material- Preferably the shielding xs 
provided on the side of the detectors away froxa the volun^a to 
be monitored. Individual detectors or pairs of detectors may 
be Shielded individually and/or a shield extending across a 
series of detectors may be provided. Neutron shielding may be 
provided around all, or as many as are physically possible, 
sides of the volume. In this way neutrons from other close by 
sources are eliminated from the results. 

one or more detectors and/or pairs of detectors may be 
provided with a neutron shielding material around part of thexr 
exterior. The shielding material may be provided between 
detectors and/or pairs of detectors. The detector and/or pair 
of detector may be recessed into, or between, a shielding or 
and/or other neutron detection restricting material. The 
shielding material may be provided, touching, adjacent to or 
merely in proximity to the detectors. 

one or more detectors and/or pairs of detectors may be 
provided with a restricted field of view from which neutrons 
can be detected. Most preferably the field of view is 
restricted by neutron shielding material. Polyethylene, most 
preferably cadmium coated material. 

Preferably the field of view for neutron detection for 
one or more of the detectors and/or pairs of detectors is 
restricted to an arc, about the longitudinal axis of the 
detector, of between 10 and 150 degrees, and more preferably 
between 70 and 150 degrees and ideally between 90 to X20 
degrees . 

Preferably one or more of the detectors and/or pairs of 
detectors near to the corners of the volume to be monitored are 
provided with a greater field of view than the other detectors. 
The collimating material may. for instance, be omitted from the 
space between the detector and the corner of the volume. In 
this way no blind spots within the volume exist. Preferably 
the detector and/or pair of detectors nearest the corner is so 
provided. A field of view of between 70 to 180 degrees may be 
provided. 
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According to a third aspect of the invention we provide 
an article and/or component thereof and/or a part thereof 
analysed or monitored using a method according to a first 
aspect: of the invention and/or using apparatus according to the 
second aspect of the invention o 

Various embodiments of the invention will now be 
described by way of e^cample only and with reference to the 
accompanying drawings in which ; - 

Figure 1 illustrates a first embodiment of apparatus for 
analysis of a piece of equipment according to the method of the 
invention; and 

Figure 2 illustrates schematically the allocation of 
positions according to an embodiment of the method of the 
present invention; 

Figure 3 provides an illustration of a number of single 
sources analysed according to the array of Figure 2 ; 

Figure 4 illustrates the modelling of a number of pairs 
of sources and a quadruple source; 

Figure 5 illustrates an alternative array of detectors 
and shielding; 

Figure 5a shows a partial detail of Figure 5; and 

Figure 6 illustrates an alternative detector deployment » 

Figure 1 illustrates apparatus according to an embodiment 
of the invention which enables non-destructive analysis to be 
performed, being deployed in the monitoring of a glove box 2» 
The glove box consists of a vertical end wall 4 and side walls 
6 together with a horizontal top surface 8 and intervening 
transparent panels lO through which the interior of the glove 
box can be monitored visually. 

The apparatus for* monitoring the glove box consists of a 
series of moveable frames 12 and 14 for the sides and ends of 
the glove box respectively. The frames consisted of a series 
of vertical and horizontal members which serve to support the 
individual neutron detecting units 16. In this case each 
detector unit 16 provides two detectors. Four detector units 
16 are provided on each side and two more are provided on each 
end. 
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The signals from the detecting units 16 are conveyed by 
wire 17 to a monitoring and processing unit 18- Both the 
processing unit 18 and support assembly for the neutron 
detectors are portable. 

The neutron detector units 16 each comprise two 
polyethylene moderated ^He detectors with an active length of 
0.5111 X 0.05m diameter. The detectors are encased in a 
rectangular block, 0-75 x 0.2 x 0.11m, of high density 
polyethylene . 

The individual signals from each detector in each pair 16 
are transmitted to the processing unit 18 and recorded 
individual ly . 

To enable the method of the present invention to be 
performed the determination of the detection efficiency for a 
neutron detector of the type to be employed should be 
established. The detection efficiency is measured using a wide 
variety of known sample positions relative to the detector with 
a view to determining detection efficiency contours around the 
detector. Thus any count rate obtained relates to a range of 
positions/masses of the source. The contour map can be used 
for 2 dimensions around the detector but is more usefully 
determined in three dimensions. 

The use of a number of such identical detectors 16 in the 
actual system, at known relative locations, results in an array 
for which the detection efficiency is known in any direction 
and at any distance. Thus any set of detection rates for the 
various detectors should be indicative of particular source 
location (s) and the mass present at that location. 

In more detail the technique involves the allocation of 
an X, y and z axis about a common, predefined, point to define 
a three dimension reference frame for the area to be analysed. 
One of the axis may readily be applied to a straight edge on 
the glove box, such as edge 2 0 in Figure 1, or other structure 
to be analysed. A typical glove box for analysis may be 1.5m 
long, 1.2m wide and i-2in high. 

Particularly in the case of a 3 dimensional analysis it 
is desirable to provide detectors above and below the volume to 
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be considered. Better vertical resolution is achieved as a 
result • Additionally or alternatively it is also desirable to 
provide some of the detectors in the horizontal configuration 
as it improves the systems ability to determine source 
locations in the vertical (z) direction. This is particularly 
important where access above and/ or below the glove box or item 
being monitored is not possible. 

Talcing the example of a 2 dimensional system, geometric 
transformations using simple trigonometry are applied to 
convert the x^ y co-ordinates of a location into a range, r, 
and angle, 0, about one of the axis* The system is illustrated 
in Figure 2 . 

The positions of the six detectors (30, 32, 34, 36, 38, 
40) relative to one another and within the co-ordinate system 
are similarly known . Thus for any location (Q) within the co- 
ordinate system, a source at that location of a given mass, 
will allow predicted count rates for the detector models to be 
calculated using the detection efficiency information. 

In actual use the detector array is provided around the 
unit to be analysed and the neutrons detected recorded. The 
detection events recorded for individual detectors are kept 
separate as well as combined in the manner of NCC analysis to 
determine coincidence events. The counting recordal process is 
performed for a sufficient period to obtain a representative 
count rate for each of the detectors to be obtained. 

The process then proceeds to model potential solution 
scenarios to the information obtained from the actual counting 
process . 

The model used in forming a solution provides a trial 
solution, SOLUTION A, comprising a location for a single source 
sample of an allocated mass. The predicted count rates for 
this solution are calculated using the detection efficiency 
contour information and compared statistically with the actual 
count rates detected. 

The differences between the predicted and actual counts 
for each detector are obtained, squared and totalled to give a 
function of the mismatch. The trial solution is then varied 
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with a view to minitnising the total obtained (chi-sqfuared 
minium) in the following manner* 

The chi-squared function for the inputs forming a 
solution (x,y plus activity for a 2-D model; x,y,z plus 
activity for a 3-D model) is evaluated as follows. The value 
for a particular input (either one of the dimensions or 
activity) of that solution is considered by calculations for 
that curve the gradient at a +dx point compared with the 
gradient at a small deviation the other side of that point, 
-dx- The gradient value obtained; 

(ie, dchi^ chi^ fa = dx^ - chi^ fa - dx) ) 
6xi 2dx 
are used to determine the direction that the next variation in 
that input should take and also the magnitude of that 
variation. 

The gradients for the three or four system variable for 
each source are taken together to provide a vector indicative 
of the next trial solution, SOLUTION B- The predicted count 
rates for SOLUTION B are then obtained using the detection 
efficiency data and compared with the actual measurements. The 
discrepancy between SOLUTION B and the actual is also compared 
with the previous solution, SOLUTION A, and the actual. If the 
previous solution, SOLUTION A, was a better fit then the new 
solution, SOLUTION B, is tried at the halfway point of the 
variation vector, SOLUTION BO, 5. 

If SOLUTION BO. 5 is a better than SOLUTION A then the 
vector determination process is repeated on this solution to 
give SOLUTION C. The process is then repeated until a solution 
close enough to the actual values is obtained. 

If SOLUTION BO, 5 is worse than the comparison between the 
actual values and SOLUTION A then the new trial is made only a 
quarter of the way along the vector to give SOLUTION BO. 25. 
This process is continued until a better B solution than the A 
solution is obtained - 

As an alternative the analysis may determine the minimum 
chi^ along the vector determined from the gradients of the 
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various variables, a line minimisation routine, rather than a 
series of discrete tries. 

The overall aim is to minimise the chi^ value, 

.,2 — 



= module ^predicti ^^ - measured^ ^ for the detectors. 



(error) ^ 

The experimental test results obtained as the determined 
solution to the actual source 1 illustrated in Figure 3 are 
provided below- The initial estimate applied as the trial 
solution was x-lcm, y-2cin, activity^SxlO-'nps and the iterative 
process took the model solution form this point to the listed 
solution- 




Detector module l6<»tioxis: ' ■ 
3fi 38 


40 


34 


32 


30 




X 1 25 


75 


125 


125 


75 


25 


cm 


y 1 -7 


-^7 


-7 


127 


127 


127 


cm 




True sou rce location and activity: 
cm 




Distance (r) and angle from source to detectors: 
u^ H-? #3 ^ 



r 


35.57 


61.89 


106.75 


140.79 


110.71 


98.44 


0 


1.05 


54.93 


70.54 


45.64 




0.38 



Predicted channel count rates: 

#1 #2 ^3 #4 #5 



#6 



cm 

degrees 



nps 



Observed charuiel count rates: 

^1 #2 #3 ^ ^5 ^ 



Square o f dlfiEerenccs: 



I oTs" 1 15.7 I 524.0 I 685.0 | 2SS8.7 | 467.9 | sum = |^<^l^^ljM 
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Clearly the results obtained represent an accurate 
proposal for. the solution with the prediction being made with 
a reasonable degree of precision. 

Further actual examples for the 15 source locations 
provided in Figure 3 are shown below. The deviations from the 
actual values present relate to no more than plus or minus Scm, 
a high degree of accuracy in indicating the position of the 
source . 
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To provide a more versatile system and to enable the 
system to indicate whether any given volume of 100 litre, for 
instance, contains 50g of material, the model must be able to 
model potentially model more than one source being present. In 
the 2 dimensional example such a system has six degrees of 
freedom, the x, y coordinates and source activity for the two 
sets. To provide a solvable problem an equivalent or greater 
number of detection channels is needed. 

The trial solution initially begins with one source and 
attempts to fit a predicted position/activity and the 
consequent count rates to the observed count rates, as outlined 
above- If the proposed solutions and actual count rates enter 
a situation where the chi-squared values are minimised but 
relatively high in their absolute value then a second source is 
introduced to the trial solution and the process continued with 
the iterative process being applied to both source locations 
proposed in the solution. 

In a similar- manner, for a three dimensional system with 
up to four sources, 16 or more separate detectors would be 
needed to provide a unique solution to the x,y,z co-ordinates 
and source activity for four sets of source locations in the 
proposed solutions - 

Figure 4 provides an illustration of a 2 dimensional 
analysis for two sources at a number of locations with the 
following results being obtained. 
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• ^>.. locations and activities of the two 
once agaa.n the locatxo accuracy, once 

sources were identified to a hxgh degree 

again within 5cm in xaost against the actual 

The 2 source model was also tested ag 

counts Obtained from 4 sources ^^'J^' ^ following 
positions illustrated in Fxgu.e 4 and wx 



result , 
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.ven li.i.e. .o . sources a. .ne .o.el was a reasona-e 
e..i..tion was .ade as the predicted P-^-"^ 

3.> are direct.y .et.een ^-^-^^^^l^:::^^:' t.e 
sources with the activity .exn. P-^ct^^ ^^^^^ 
individual activity for each member of the ^^^^1 
in the preferred system the location and actxv.ty leva 
provided as the modelling of both are signifxcant xn more 
are provided as T^n ^^^-.^itv level, rather than applying 

accurately deter^xnxng the aotxvxty lev , ^^^^^^ 

..e worst case scenario, ^ J^^^^^^^f J level 

result can. however, merely be presentee 
alone if the location information will not be used, 
alone ir x x,<.-ri-icallv aligned pairs of 

in an alternative array the vertically ax y f 

r • 16 are replaced by horizontally aligned 

::::::::: ™;r:r.:;:ace:.. .... .e.e..o.. r.a„c.a 

Fi^re 5 illustrates in cress-=e«icn.l plan, an alt.rnatxve 

a„an,e»e„t.^ tKe .etect„r pairs le are .xpos.a to tha 

- • 4-^^^ crMi-rr-^rs^ to be counted. ine 
^-h4t7^ ciide A containing the source is j w 

active siae, ^ ar-t- Ive 

aeteotor pairs 16 are, however, shielded fro. the 
.id. NA. in this consideration the non-aotive s.de is that on 
Til; no measurement is to .e conducted, it .ay, - 
Icttv, fro» the point of generating count events. Indeed the 
level o, contamination in adjacent glove boxes may he far 
i!Ler than the glove box on the active side under 
higher than g eliminates the number 

consideration. The shield „„„.,„tive side which might 

of count events occurring on the non active , f^,.. 

otherwise h, detected by the detectors and so g.ve a false 
reading. A neutron absorbing material is preferred for the 

^''°"x":ilowing for the surroundings of the item or volume to 
be monitored a bacKground count rate may be determined and 
subtracted to adjust the individual 

determination of one single background counting -"^-^ ^ 

applied to all of the detectors in the same way is preferred as 
°n!s avoids a number of different backgrounds being applied 
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„^i.h would m turn restrict the number of source., each . 
variable, which could be solved. 

^ •further feature, also illustratea in r y 



detector pairs 1. are reoes.ed between -^^ir ^f^r^ Tht 



,03 The two central pairs 16. are enclosed by 

priiethvlen. on two sides whereas the pairs leb are o^y 
Lcxosed on the inner side, with --uter s.de X04 o - ^ 



r;:::;!.:. ac; as . -hield/coHi^atin, material and so 
deduces the ^ield o, view for the detector pairs. The .leld o. 
vtew is illustrated sche-natically by dashed lines for one of 
Zl detector pairs 16a and with dotted lines for one of the 
detector pairs 16b. As illustrated in the detail of F.gure 5 
tc detectLs are themselves in a blocX of polyethylene forming 
!he letector assembly. The reduced field of v.ew g.ves 
I^^roved resolution as the colligation causes greater variation 
Tdltector efficiency with source location. S^all movements 
II source position give greater changes in count rate allowing 
easier, more accurate analysis. The open ends 104, however, 
ensure that there are no blind spots to the detector '"-V- 

petector unit, are also desirably placed above and below 
the item to be measured to give a n«mber of different view 
nositions for the modelling process. 

in an alternative configuration of the system, 
illustrated in Figure 6, the detectors of the type ^^^-'^ 
sbove encased in high density polyethylene are deployed xn 
.ssemblies of four horizontal module, around the 
surfaces of the glove box under consideration. In thxs case 
two assemblies are provided on each side with one further 
assembly on each end of the volume. 

Larger numbers of assemblies and/or modules may be 
provided for larger vessels, tor instance ranging from In 
glove boxes to 10m' process vessels. 

The supporting frame work of the type discussed above for 
the assemblies may be tree standing or connected to the glove 
box structure. 
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Tl^e systems electronics and data recording facilities are 
provided rexaotely to prevent the contamination of the system 

components • ^ +- 

once positioned around the target volume the count rate 
fro^ each module in the array ie independently monitored and 

recorded, _ >,« 

in this alternative embodiment the analysis starts by 
generating a plurality of sources in the volume each with an 

assigned activity. • ^^.^^ 

A comparison is made between the model solution predicted 
count rates and the actual count rates as detailed above. 
Again an iterative process is used to minimise the difference 
using a chi-squared test between the modelled and actual count 
rates by varying the source locations and/or activities between 
one model solution and the next. 

once the chi-squared value has been minimised for a given 
number of sources the model seeXs to determine whether any of 
those sources are non-essential by removing them from the model 
and determining the effect on the chi-sguared value arising. 
If this chi-squared value increases by more than a pre 
allocated threshold then the source is determined as essential. 
If however, the sources removal does not lead to the chi- 
squared Change exceeding this threshold then the iterative 
modelling procedure is repeated with one fewer sources. In 
repeating the procedure the locations and activities of tne 
sources are allowed to vary. As soon as a minimised chx 
squared value is achieved again then the analysis again 
evaluates whether any of the sources are non-essential and can 
be discarded. 

The process repeats itself until the minimum number of 
sources essential to the successful modelling of the measured 
counts is reached. In this state the calculation indicates the 
relative activity and relative position of the plutonium 
concentration in three dimensions . 

Based on whether high concentrations as point sources, 
fine layer depositions on a horizontal plane or other 
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trestnent of the volume oat, be evaluated. 

Co»»en=in, with multiple sources and worK.ng 
advantageous in avoiding false minimum chi^ values, as well 
a better total tissile content determination. 

«hilst the coincidence count rates for the 
of detectors are used in the basic monitoring of the actual 
Lurce additional information can be gained from t.^ use of the 

coincidence count rates from -;„_^-;".,;\,:T, J^o^s in 
detectors in a unit or assembly and/or all 

detectors a. 4.<«r, arises because more measured 

combination. Increased resolution arises oeca 

comDina ■v^v,.^ i-n use- NCC count rates vary strongly 

information xs available to use, NCC co 

wit^. position giving greater imaging; and NCC counts are less 

susceptible to bacKground "^^^^^^ ;;;;;;; invention will 

Significantly the analysis of the present inv 
never give a more dispersed solution than is ^^^^^^^^^^^^ Jf^;; 

a result, for instance, a false indication of the 50g/100X 
criteria being met cannot be given- 

The accuracy of the results can further be improved xn 
situations where repeated monitoring of similar situations wxll 
occur by forming the detection efficiency contour -^--^^-^ 
.ith thi modules in their positions of use. including ^^^^ 
of view restrictors if applied. In this way .^^^^^l ^^^^ 

detectable shielding effect of the unit to be monitored can be 
discounted and the response of the modules tailored to their 
actual positions, be they on the corners of the unit or the 

middle of the sides. 

AS an alternative shielding system separate portable 
neutron moderating shield structures can be brought into 
position around the positioned detector array or around certain 
oarts for instance between glove boxes. 

The techniques outlined above produce information as to 
the PU-240eq mass in the item to be monitored. High resolutxon 
gamma spectrometer can be used to monitor the gamma spectra 
output from the unit and hence determine the Pu:U ratio. Other 
information such as the Pu and U isotopic composition and U 
enrichment can also be determined in this way. The Pu-240eq 
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and speotron>eter analy.ie also allow the total Pu and total 
fissile content for the item to be calculated. 

The present invention provides a number of significant 
advantages over prior art systems. In particular the precise 
location of significant concentrations and residual 
oontatnination is accurately identified by the imaging analysis 
system- This allows an affected and targeted clean up regime 
to be provided. Reduced cost and aided safety arise as a 

result. . ^ ■ 

Additionally, as the locations of residual contamination 
within the volume have been accurately identified a realistic 
value for the calibration is obtained rather than a worse case 
scenario in which the level of plutonium which would give that 
result at the least efficient detecting location has to be 
assumed. 
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